Objective: To determine appropriate counseling of patients with olfactory dysfunction.
ond assessment, 278 (31.1%) had functional anosmia, 496 (55.5%) had hyposmia, and 120 (13.4%) had normal olfactory function (P Ͻ.001). Changes in smell scores depended positively on the initial score and negatively on age and smoking habits. Normosmia was more likely to be restored in females and when residual olfactory function was relatively high. In contrast, the origin of dysfunction had no direct predictive value because it was mostly reflected by initial smell scores. However, in a subanalysis omitting the initial olfactory performance as a potential predictor, the initial presence of parosmia was associated with a lower probability of anosmia as the final outcome.
Conclusion:
The prognosis of olfactory dysfunction mainly depends on residual function, sex, parosmia, smoking habits, and age, whereas in this statistical model, origin plays only a second-line role, reflected in different degrees of initial olfactory loss.
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L OSS OF OLFACTORY ACUITY TO the degree of anosmia is present in approximately 5% of the population. [1] [2] [3] [4] In fact, it has been estimated for Austria, Switzerland, and Germany that approximately 80 000 people consult an otorhinolaryngologist every year because of problems related to sense of smell. 5 Today's treatment options for olfactory dysfunction are limited. Most improvements appear to be owing to spontaneous recovery. However, many physicians may not provide the patient with a prognosis of his or her olfactory loss. To increase the informational basis for appropriate counseling of patients, we retrospectively analyzed prospectively collected olfactory function data of patients who sought treatment at a specialized otorhinolaryngologic center at least 2 times. We focused our analysis on factors that would provide information about the prognosis of olfactory dysfunction, such as origin of olfactory loss, specific demographic factors, and the initial severity of olfactory dysfunction.
METHODS

PATIENTS
Study participants (Table) were 361 males and 533 females, aged 11 to 84 years, who had reported to the Interdisciplinary Center for Smell and Taste of the University of Dresden Medical School, Technical University of Dresden, with concerns related to the sense of taste or smell. The origin of the concerns was determined on the basis of an exhaustive, standardized interview, including questions for smoking status. In addition, all participants underwent thorough otorhinolaryngologic examinations, including nasal endoscopy. All participants underwent detailed tests of orthonasal olfactory function and retronasal or gustatory function whenever deemed necessary. Electrophysiologic investigations using olfactory eventrelated potentials and imaging of the head (com-puted tomography or magnetic resonance imaging) were performed whenever it was thought necessary to clarify the diagnosis. The retrospective study complied with the Declaration of Helsinki on Biomedical Research Involving Human Subjects and had been approved by the Ethics Committee of the University of Dresden Medical School, Technical University of Dresden.
OLFACTORY TESTING
The first olfactory assessment took place when the patient reported to the Smell and Taste Clinic for the first time. The second assessment followed at a mean (SD) interval of 1.3 (1.29) years (range, 0.083-8.83 years). Olfactory function was assessed birhinally with the extended version of the Sniffin' Sticks test (Heinrich Burghart GMBh, Wedel, Germany). 6 In this validated test, odors are presented in felt-tip pens. For odor presentation, 1 pen at a time (cap removed) is placed in front of the nostrils at a distance of approximately 1 to 2 cm.
Odor thresholds were obtained for the roselike odor phenyl ethyl alcohol, presented in 16 successive 1:2 dilutions in liquid form, starting with a concentration of 4%. Using a 3-alternative forced-choice task and a staircase paradigm starting at low phenyl ethyl alcohol concentrations, 1 pen containing a certain odorant and 2 without odorant were presented at each dilution step. Two successive correct identifications or 1 incorrect identification triggered a reversal of the staircase. Odor threshold was defined as the mean of the last 4 of 7 staircase reversals (reference ranges, Ͼ6 for males and Ͼ6.5 for females 6 ). Odor discrimination was determined with 16 triple sets of pens, 2 containing the same odorant and 1 containing a different one (for detailed listing of the odorants used, see Hummel et al 6 ), using a 3-alternative forced-choice task (reference range, Ն11 correct discriminations). Odor identification was determined with 16 odors (orange, peppermint, turpentine, clove, leather, banana, garlic, rose, fish, lemon, coffee, anise, cinnamon, licorice, apple, and pineapple), using a 4-alternative forced-choice task with presentation of a list of 4 descriptors for each pen (reference range, Ն12 correct identifications). The clinical evaluation of olfactory performance was based on the composite threshold discrimination identification (TDI) score represented by the sum of the scores from the 3 subtests. 7 Pathological olfactory function was indicated by a TDI score of 30.5 or less, with the separation of hyposmia from functional anosmia at a TDI score of15.5.
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STATISTICAL ANALYSIS
A patient with deteriorated olfactory function will probably be interested in the future change in olfactory performance and in the final olfactory diagnosis. Thus, target factors were (1) the numerical change in the TDI score from the first to the second assessment (ie, second minus first TDI scores); (2) a clinically significant change in olfactory diagnosis by 6 points, coded as −1 for worsening, 0 for changes of fewer than 6 points, and 1 for TDI score improved by 6 or more points 8 ; and (3) the final diagnosis number, coded as 1, 2, or 3, respectively, for the 3 diagnoses. Candidate factors were (1) mean (SD) TDI score at the first assessment, (2) duration of olfactory loss until the first assessment, (3) presence or absence of parosmia, 9 (4) presence or absence of phantosmia, 9 (5) origin of olfactory loss (eg, sinunasal disease[SND], trauma, or upper respiratory tract [URT] infection), (6) interval between first and second assessments; and demographic factors, including (7) age in years at first assessment, (8) sex, and (9) smoking habits.
Baseline values of olfactory function were compared for the candidate factors by means of univariate analysis of variance with post hoc ␣-corrected (Bonferroni) t tests, simple t tests, rank correlation (Spearman), or 2 statistics, as appropriate for the respective data. Candidate factors were submitted together to linear or binary logistic regression analysis (Stata/IC 10.1 for Linux; StataCorp LP, College Station, Texas). To increase the validity of the results, we repeated regression analyses for 1000 data sets created from the original data set by means of bootstrap resampling. 10 Subsequently, the influence of factors identified by regression analysis as exerting significant effects on the target factors were assessed by means of analysis of variance, 2 statistics, or rank correlation. To adjust for different baseline TDI scores, the percent changes from the first to the second TDI assessments were analyzed in addition to the differences in TDI scores (ie, [second − first score]/[first score ϫ 100]).
RESULTS
BASELINE OLFACTORY FUNCTION
Reasons for olfactory loss were SND, head trauma, and URT infections. The olfactory function at the first assessment (Table) differed among origin groups (PϽ.001, 2 test). That is, although anosmia was equally associated with SND (30.6% of patients with anosmia had SND as the origin of their condition), trauma (34.3%) and URT infection (35.0%), hyposmia or normosmia was most frequently associated with URT infection (66.9% of patients with hyposmia and 78.9% of those with normosmia had this origin of olfactory dysfunction). Because they were closely related to the olfactory diagnosis, the mean (SD) initial TDI scores differed between origin groups (SND, 15.1 [6. ences between infection and the other origins, P Ͻ.001, but not between SND and trauma, P = .24; Figure) . Females had significantly, but only slightly better, mean (SD) initial TDI scores than males (17.4 [6.4] 
TEMPORAL CHANGES OF OLFACTORY FUNCTION
Changes in TDI Score
Linear regression analysis identified the initial TDI score (PϽ.001; Figure) , the presence of parosmia (P=.03), age (P=.04), and smoking habits (P = .04) as significant factors modulating the numerical difference in TDI sum scores between the second and first olfactory assessments. However, parosmia failed to pass the post hoc t test (P=.20). Changes in the TDI score depended negatively, although weakly, on the initial TDI score (Spearman =−0.2236, PϽ.001). In addition, changes in mean (SD) TDI score were significantly smaller in smokers (1.88 [5.67] ) than in nonsmokers (3.72 [6.32] ; t test, P=.02). Age was weakly but significantly negatively correlated with the increase in TDI score between assessments (Spearman =−0.067, P=.04). When omitting the initial TDI score from the regression analysis, age (P=.01) and smoking habits (P=.03) were again identified as significant factors modulating the numerical difference in TDI sum scores between the second and first olfactory assessments. For the percent changes in TDI score, regression analysis found the initial TDI score (PϽ.001) and age (P=.02) to be significant predictors, and when omitting the first of the candidate factors, age (P=.003) and smoking habits (P =.04) were also found to be significant predictors. The predictions were in the same direction as for the difference changes in TDI scores.
Improvement in Olfactory Function
Clinically relevant improvement of olfactory function, defined as an increase in TDI score by at least 6 points, was observed in 263 patients (29.4%). Only 47 patients (5.3%) worsened significantly in their olfactory function, whereas no significant change was observed in 584 patients (65.3%).
Linear regression analysis identified that changes in TDI scores by a relevant degree (ie, by Ն6 points) depended on the initial TDI score (PϽ.001), smoking habits (P =.02), the presence of parosmia (P=.04), and the duration of olfactory loss until first assessment (P=.047). However, the duration of the olfactory loss until first assessment and the presence of parosmia failed to pass the post hoc analysis (P =.20 and .49, respectively; 2 tests). Of the remaining factors, significant change in TDI was negatively associated with initial TDI scores; that is, patients whose olfactory acuity worsened had initially higher TDI scores, whereas those who improved had the lowest initial scores (change of Յ6 points: mean [ post hoc t tests: significant differences between all groups at PϽ .001). Of smokers, 9.2% worsened in their olfactory function and only 19.7% improved, whereas of nonsmokers, only 4.4% worsened but 31.7% improved (P=.04; 2 test). When omitting the initial TDI score from the regression analysis, only smoking habits (P=.01) were identified as a significant factor modulating the numerical difference in TDI sum scores between the second and first olfactory assessments.
Final Olfactory Diagnosis
The initial distribution of olfactory diagnosis moved toward improvement at the second assessment (PϽ .001; 2 test for the diagnosis at the first vs that at the second assessment; Table) . Linear regression analysis identified the initial TDI score (PϽ .001), sex (P = .006; Figure) , and the duration of olfactory loss until the first assessment (P=.02) as significant factors affecting the final olfactory diagnosis. However, the duration of olfactory loss until the first assessment failed post hoc analysis of variance (P=.92). With respect to the final significant factors, the better the TDI score at the start of the assessment, the better the diagnosis at the end of the assessment (analysis of variance: df= 2893, F = 199.1, P Ͻ .001; mean [SD] initial TDI scores: final anosmia, 11.7[4.1]; final hyposmia, 18.4 [5.4] ; final normosmia, 22.8 [7.6] ; post hoc t tests: significant differences between all groups at PϽ.001). Males had slightly worse final diagnoses than females as indicated by 38.1%, 54.0%, and 7.9% of the males but 23.3%, 65.1%, and 11.6% of the females having anosmia, hyposmia, or normosmia, respectively, as his or her final diagnosis (P Ͻ.001, 2 test). When omitting the initial TDI score from the regression analysis, sex (P=.001) and the duration of olfactory loss until the first assessment (P = .001) were again identified as significant factors modulating the numerical difference in TDI sum scores between the second and first olfactory assessments. In addition, the presence of parosmia was a further factor identified in the reduced regression analysis (PϽ.001). Patients who had parosmia at the initial assessment had slightly better final diagnoses. This was indicated by 36.3%, 54.0%, and 9.7% of the patients with parosmia, but 11.0%, 79.1%, and 9.9% of the patients without parosmia having anosmia, hyposmia, or normosmia, respectively, as their final diagnosis (P Ͻ .001, 2 test).
COMMENT Improvement of olfactory acuity was most likely in young nonsmokers with severely restricted olfactory performance. Clinically relevant improvement of olfactory loss was most likely in nonsmokers with a low TDI score at the time of reporting to the clinic. However, normal olfactory function at the second assessment was most likely in females with initially better TDI scores. Olfactory function at the first visit was the strongest predictor of development of olfactory function, as previously reported, 11 with a dependence, however, on the kind of prognosis. [12] [13] [14] [15] [16] When simple improvement in olfactory acuity is of interest, higher initial scores predict lower improvement. By contrast, when normal olfactory function is of interest, higher initial scores are associated with higher probability of normosmia. It is widely recognized that women outperform men in olfactory tests. 17 In this study, sex did not result in a difference at the initial diagnosis of olfactory loss, but females improved more. Also, the fact that age and smoking status are negative predictors of olfactory function is not surprising. 4 However, the lack of importance of the origin of olfactory loss for its prognosis disagrees with the common perception that olfactory function is more likely to be recovered when it was lost because of a URT infection than because of head trauma. Indeed, separate analysis of improvement in olfactory function for its origin resulted in significant effects. That is, the numerical changes in TDI score depended on the origin of olfactory loss (analysis of variance of the mean [SD] . Although 61.6% of the patients with trauma had anosmia at the final diagnosis, this was the case in only 30.4% and 17.5% of the patients with SND or URT infection, respectively. On the other hand, normal olfactory function at the second assessment was seen in 19.5% of the patients with SND, 15.3% of the patients with URT infection, but only 2.8% of the patients with trauma as the origin of their olfactory loss. Nevertheless, multivariate statistical analysis failed to identify origin as a significant predictor of the development of olfactory function after it had been decreased or lost. A possible reason for this apparent discrepancy was the interdependence of initial olfactory function and its origin. However, when omitting the initial diagnosis from the candidate factors, origin still failed to provide a statistically significant prognostic factor. Thus, consistent with the literature, 11 the origin of olfactory loss appears to play a smaller role in recovery of olfactory function than intuitively perceived. Sex, age, smoking, and possibly the presence of parosmia, which could indicate regenerative processes, 9 are more relevant prognostic predictors.
In conclusion, we show that the prognosis of olfactory dysfunction primarily depends on residual function and secondarily on sex, smoking habits, age, and parosmia, whereas in this statistical model, origin of olfactory loss plays only a second-line role, reflected in different degrees of initial olfactory loss. 
